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The "ortho lithiation" technique has been widely used
for the regiospecific substitution of electrophilic groups in
both aromatic and nonaromatic systems.' - This proce-
dure is based upon the observation that certain functional
groups X promote the lithiation of an adjacent ("ortho")
carbon, which is then susceptible to elactrophilic attack.

X H X L X E

-C- _ -C C -_-C-

I I I I I I
The role of the directing group X is believed to include

(a) enhancement of the acidity of the a-hydrogens, thus
promoting its replacement by Li', and (b) stabilization of
the lithiated intermediate, in which the ortho carbon is

(1) Gilman, H.; Morton, J. W. Org. React. (N.Y.t 1954, 8, 258.
(2) Gachwend, H. W.; Rodriguez, H. R. Org React. (N.Y.) 1979, 26,1.
(3) Beak P.; Snieckus, V. Acc. Chem. Res. 1982, 15, 306.
(4) Eaton, P. E.; Caataldi, G. J. Am. Chern. Soc. 1985, 107, 724.
(5) Klumpp, G. W. Reel: J. R. Neth. Chem. Soc. 1986, 105, 1.
(6) Beak, P.; Meyers A. 1. Ar-c. Chem. Res. 1986, 19, 356.

0022-3263/88/1953-0677$01.50/0 Cc, 1988 American Chemical Society
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activated toward electrophilic attack by means of an in---7JjFJK
teraction between X and the lithium.3'5 '7 Accordingly, it ...
is anticipated that effective directing groups should be . .
characterized by strong inductive electron-withdrawing '.
tendencies and also by a capacity for coordinating with L, (\ . _YJ -. L
metals, for example, through lone pairs. Tertiary amide -'- "Z
groups, for instance, have been found to be particularly 3. e

good directing groups.5 -9  
A -83 8,7

Our objective in this work has been to carry out, by a --

computational procedure, comparative evaluation of sev-
eral different functional groups in terms of their abilities
to promote ortho substitution on cubane (1, a strained
polyhedrane system). We have focused particularly upon
the ortho-lithiated intermediate that is formed in each
case. r-.irese~nLed by structure 2a d.

x Figure 1. Calculated electrostatic potential of 1-lithio-1-(2-ox-

azolinyl)cubane (2a) in a diagonal plane, as shown. Dashed
contours correspond to negative potentials; the zero contour is

L, shown. The magnitude of the other contours are in kcal/mol:
2 -50.2, -37.6, -25.1, -12.5, -6.3, -3.1, -0.6, 3.1,6.3. 31.4.62.7. 3140,'o-x H627.0. The locations and values of the minima are indicated.

,, 1 CF3 CH 3 NO 2 H

a N_ b C d that V(r-) is a real physical property and can be determined
experimentally as well as computationally.'

The oxazoline and the trifluoromethyl groups (a and b,

respectively) are known to be good directing agents.3 CH, Results and Discussion
is not expected to show such activity and is included
primarily to serve as a point of reference. It would be In an earlier study,' we presented the electrostatic po-
particularly interesting if NO 2 should show signs of being tential of lithiocubane (2e) and pointed out the very un-

usual feature of a relatively strong negative region (min-
an effective directing group, since this would have im- imum = -38 kcal/mol) associated with a carbon (the one
portant implications for the synthesis of polynitro poly- that is lithiated). We showed further that when an amide
hedranes. is present on an adjacent carbon, it interacts with the

Methods lithium to stabilize the system. This interaction causes
the lithium to shift somewhat toward the amide oxygen;

We have computed optimized structures for the four the calculated Li-O separation is 1.80 A, considerably less
molecules 2a-d, by using an ab initio self consistent field than the sum of the lithium and oxygen van der Waals
molecular orbital procedure (GAUSSIAN 82).? Because radii, 3.3 A. 4  As a result, there is created a channel of
of the size of the system being studied, the optimizations strongly negative electrostatic potential, with a minimum
were carried out at the STO-3G level. (The structures will of -83 kcal/mol, leading to the lithiated carbon. Thus the
be provided for interested readers upon request.) These amide group clearly has the effect of activating the mol-
geometries were used to calculate the STO-5G molecular ecule toward electrophilic attack on an ortho carbot. Tv,
electrostatic potential of each system in the diagonal plane a tertiary amide, the channel minimum was -85 kcal/mol. 7 )
passing through the two substituted carbons. Figure 1 shows that the situation in the case of 2-

The electrostatic potential that is created at any point lithio-l-(2-oxazolinyl)cubane (2a) is very similar to that
F in the space around a molecule by its nuclei and electrons described above for the amide directing groups. The
is expressed rigorously by eq 1. Where ZA is the charge lithium is shifted toward the oxazoline nitrogen (the Li-N

ZA _ p(F')dF separation is 1.86 A, with the sum of the van der Waals

V() = v -- (1) radii being 3.4 A), 4 and there is again a strong negative
V 1 A R-A IF' - rchannel leading to the lithiated carbon, with a minimum

on nucleus A, located at RA, and p(r-) is the electronic of -83 kcal/mol. In terms of these factors, then, 2-oxa-

density function of the molecule, which we obtain corn- zoline a should be a good directing group, as indeed it is

putationally. The first term on the right side of eq 1 known to be.'

represents the contribution of the nuclei, while the second It is seen in Figure 1 that there are also other negative

gives that of the electrons. Thus an approaching electro- regions in 2a, in addition to that associated with the

phile will tend initially to go to those regions in which V(-) lithiated carbon. These can be attributed to the lone pairs

is negative, in which the effect of the electrons is dominant, of the oxazoline oxygen and nitrogen and also to the un-

and especially to those points at which V(F) reaches its substituted C-C bond. With regard to the latter, we have

most negative (minimum) values. The electrostatic po- found that the C-C bonds in strained hydrocarbons in

tential is now widely used in interpreting and predicting general, and also in some of their derivatives (e.g. 2a), have

molecular reactive properties. - 13 It is important to note negative electrostatic potentials near their midpoints. "

(7) Jayasuriya, K.; Alater, J.; Politzer, P. J. Org. Chem. 1987, 52,2306. (13) Chemical Applications f .t!omic and Molecular Electrostatic
(8) Marais, F.; Queguiner. G. Tetrahedron 1983, 39, 2009. Potentials; Politzer, P., Truhlar, D. G., Eds.; Plenum: New York, 1981.
(9) Beak, P.; Brown, R. A. J. Org. Chem. 1982, 47, 34. (14) Bondi, A. J. Phys. Chem. 1964, 68, 441.
(10) Binkley, J. S.; Frisch, M.; Raghavachari, K., DeFrees, D.; Schlegcl, (15) Politzer, P.; Domelsmith, L. N.: Sjoberg, P.; Alster, 4. Chem. Phy.S

H. B.; Whiteside, R.; Fluder, E.; Pople, J. A.; GAUSSIAN-82. Release H, Lett. 1982, 92, 366.
Carnegie-Mellon University, 1982. (16) Politzer, P.; Domelsmith. L. N.; Abrahmsen, L. J. Phys. ('hem.

(11) Scrocco, E.; Tomasi, J.; Adv. Quantum Chem. 1978 11, 116. 1984, 88, 1752.
(12) Politzer, P.; Daiker, K. C. In The Force Concept in Chemistry; (17) Politzer, P.; Jayasuriya. K.; Zilles, B. A. J Am. ('hem. Soc. 1985.

Deb. 3. M.. Ed. Van Nontrand-Reinhold: New York, 1981; Chapter 6. 107, 121.
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Figure 2. Calculated electrostatic potential of 2-lithio-1-tri- Figure 4. Calculated electrostatic potential of 2-Iithio-l-nilro-
tluoromethyl)cubane (2b) in a diagonal plane, as shown. Dashed cubane (2d) in a diagonal plane, as shown. Dashed contoors
contours correspond to negative potentials the zero contour is corresDond to negative potentials the zero contour is shown. The
shown. The magnitude of the other contours are in kcal ,,mol magnitude of the other contours are in kcal, tool: :37.6, 2F. i
-50.2. -37.6, -25.1, -12.5. -,6.3, -3.1, -0.6, 3.1. 6.3,31.4, 62',. 314.0. 12 -6.3, -3.1. -. 6, .3.1. 6.3. 31.4. 6.0.314.0, 627.0. The loc.Tif m
627.0. The locations and values of the minima are indicated, and values of the minima are indicated.

that spatial region is now -33 kcal/mol. The picture is very
much th, same as that obtained earlier for lithiocubanei
There is clearly no activation of the ortho position.

Finally, Figure 4 shows the electrostatic potential for
2-lithio- 1-nitrocubane (2d). There is again an interaction
between the two substituents; the lithium is only .76 A
from the oxygen, while the sum of the van der Waals radii
is 3.3 A."4 This produces a channel of negative potential
to the lithiated (ortho) carbon, with a minimum of' -68

., kcal/mol (compared to -38 kcal/mol in that region for
, _lithiocuhane, without any second substituenti. Thts No.,

does definitely activate the ortho position toward elec-
trophilic attack, although not as well as 2-oxazoline and
('F:,.

Figure 3. Calculated electrostatic potential of 2-lithio-- S m
methylcubane (2c) in a diagonal plane, as shown. Dashed contours Summary
correspond to negative potentials: the zero contour is shown. The We have carried out a computational assessment of the
magnitude of the other contours are in kcal,'mol: -12.5, -6.3. -3.1. relative ortho directing powers of four different functional
-0.6, 3.1, 6.3, 31.4, 62.7. 314.0, 627.0. The locations and values groups in terms of their tendencies to interact with an
of the minima are indicated, adjacent lithium substituent, thereby producing a channel

These are fully consistent with the observed reactive be- of strongly negative electrostatic potential leading to the
havior of these molecules toward electrophiles. lithiated (ortho) carbon. In terms of the factors examined

In the present context, the key feature of Figure 1 is the in this analysis, it appears that the nitro group should have
negative channel to the lithiated carbon. This represents at least a moderate ortho-directing capability. I
an important aspect of the activation of the ortho carbon Acknowledgment. We greatly appreciate very helpful
by the 2-oxazoline directing group. When the latter is discussions with Dr. Jane S. Murray. We also thank the
replaced by CF 3 as the directing agent (structure 2b), this U.S. Army Research Office for partial support of this work.
feature is modified to only a minor extent (Figure 2). The Registry No. 2a, 1119o-24-0;2b. 111976-25-1. 2c 111976-262:
minimum near the ortho carbon is now -78 kcal/mol, 2d, 111976-27-3; CF3, 2264-21-3; NO. 10102-44-0: CH,. 2229-07-4;
which still corresponds to a very significant activation of 2-oxazoline, 504-77-8.
this position toward electrophilic attack.

In marked constrast is the situation when CH, tries to (18 Politzer. P.: Jayasuriva, K. J. Mol. Struct. (THEOCHEM) 1956.
take on the role of the directing group (2c). There is now 135, 245.

19) Politzer, P.; Murray. J. S. In ReactivitN from Ground-.,tatf-no shifting of the lithium atom and no strongly negative Structure; Liebman, 1., Greenberg. A.. Eds.; VCIH: l)eerfield Beach. inchannel to the ortho carbon (Figure 3); the minimum in press.
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